Specific organic pollutants (SOPs) such as phenolic compounds, PAHs, organic pesticides, and organic herbicides cause health and environmental problems due to their excessive toxic properties and poor biodegradability. Low-cost biosorbents are considered as a promising alternative for conventional adsorbents to remove SOPs from water. These materials have several advantages such as high sorption capacities, good modifiability and recoverability, insensitivity to toxic substances, simple operation in the treatment processes. However, previous reports on various types of biosorbents for removing SOPs are still moderately fragmented. Hence, this paper provides a comprehensive review on using typical low-cost biosorbents obtained from lignocellulose and chitin/chitosan for SOPs adsorption. Especially, their characteristics, biosorption mechanism together with utilization for eliminating SOPs are presented and discussed. The paper also gives a critical view regarding future applications of low-cost biosorbents in SOPs-contaminated water treatment.
Introduction
Organic pollutants have become an increasing concern due to their potential of mutagenicity, carcinogenicity, teratogenicity and high bioaccumulation ( There is a lack of reviews discussing relationship between characterization of biosorbents and mechanism as well as adsorption capacities for all four kinds of SOPs (Phenols, PAHs, pesticides and herbicides).
To demonstrate the feasibility of using low-cost biosorbents prepared from lignocellulose and chitin/chitosan for SOPs removal, this paper presents a comprehensive review with focused discussions on five key sections: (i) characteristics,
(ii) biosorption mechanisms, (iii) maximum adsorption capacities, (iv) methods to produce better biosorbents and (v) utilization of biosorbents for SOPs removal.
Characteristics of typical biosorbents
Physical and chemical characteristics of biosorbents are very important to understand adsorption mechanism as well as potential application of the materials.
Therefore, this section discusses the characterization of typical low-cost materials from lignocellulose and chitin/chitosan. Table 1 summarizes the characteristics of biosorbents which determined their adsorption process for SOPs from water. 
Chitin/chitosan
Chitin, a naturally mucopolysaccharide, is created by a vast number of living creatures such as in the exoskeletons of crabs, other arthropods and cell walls of some fungi, and was seen as the most natural polymer after cellulose in terms of abundant kJ/mol, the process is dominated by ion exchange mechanism while if the value is less than 8 kJ/mol, the adsorption process is controlled by physio-sorption.
Cation exchange was the proposed mechanism by Nanseu-Njiki et al. 
Phenolic compounds
Some typical biosorbents such as rice husk, azolla filiculoides, apricot stone shells, tendu leaf, chitin and chitosan were investigated for phenolic compounds removal from water and wastewater ( Table 2 ).
The use of modified rice husk ash for phenol and 2-chrolophenol abatement was Prior studies have shown that some biosorbents which have highest phenol adsorption capacities are chitosan-abrus precatorius blended beads, chitosan-coated perlite beads, activated carbons (from apricot stone shells), rice husk ash (acid and heat treated) and banana peel (raw). Maximum removal capacities of low-cost biosorbents for phenolic compounds were equivalent or even higher than those of commercial activated carbon. Moreover, materials exhibited high adsorption capacity for phenolic compounds in both raw and modified forms and adsorption process are best at pH of 7.
Table 2

Polycyclic aromatic hydrocarbons (PAHs)
Removing some representative kinds of PAHs including phenanthrene, naphthalene, acenaphthene, pyrene, fluorene, anthracene, chrysene, fluoranthene, and perylene from water by biosorbents was researched in this part. Table 3 shows maximum adsorption capacities of biomaterials for typical organic specific pollutants following different models such as Langmuir, Langmuir-Freundlich, Toth, Generalized isotherm.
In a research, Pal (2012) revealed that the adsorption ability of some biosorbents for (2011) has used cork waste (raw form) for removing 13 kinds of PAHs (Table 3 ). This material exhibited medium adsorption capacities for PAHs (monolayer sorption capacities range from (16±3) x10 -3 to (16±3) x10 -3 mg/g.
The previous studies found that lignocellulose based biosorbents have much higher
PAHs adsorption volume than that of materials prepared from chitin/chitosan. Some of the most promising biosorbents for SOPs abatement are sesame stalk-based carbon, modified rice husk, de-sugared pine wood, de-sugared pine needles and de-sugared bamboo wood. Adsorption capacities of PAHs on biosorbents were much improved after modification while de-sugared method is a very good mean to produce better lignocellulose based materials. , 12.3x10 -2 , 11.6x10 -2 , 7.9x10 -2 mg/g, respectively.
As can be seen in Table 4 , adsorption capacities of pesticides on biosorbents were often lower than commercial activated carbon. However, biosorbents can be applied for removal of many different kinds of pesticides and several biosorbents have very good binding capacity such as chitosan, activated carbon from apricot stone, acid modified olive stone, coffee wastes and activated carbon from corn cob. Due to differences between natures of various kinds of pesticides, selection of methods to modify materials is different. Pyrolysis and acid treatment are frequently chosen to improve biosorbents.
Table 4
Organic herbicides
Application of biosorbents for abating some specific organic herbicides such as paraquat, molinate, metribuzin has also been examined by some authors (Table 5 ).
Rice husk was used for removing paraquat by Hsu and Pan (2007) . In this study, rice husk was modified with methacrylic acid to produce the biosorbent. Calculation following Langmuir isotherm showed that the biosorbent has a great maximum Lignocellulose and chitin/chitosan can be treated in different ways and for different purposes, such as for production of fuel and fertilizer, for soil conditioning, or just land disposal. Development of low-cost biosorbents will significantly reduce the solid waste volume and serve as a high potential alternative kind of materials for conventional sorbents. Table 6 introduces some potential and obstacles of using biosorbents in SOPs polluted -water treatment. Table 4 Organic pesticides adsorption capacity of raw/modified biosorbents Table 5 Organic herbicides adsorption capacity of raw/modified biosorbents 
